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Chrysin: Background

• Nomination
– Use: “As an aromatase inhibitor which prevents the conversion of 

testosterone to estrogen” for the treatment of “high estrogen and low 
testosterone.”

– Route of administration: Topical 

– References provided in the nomination do not include clinical safety or 
efficacy data for chrysin, although they do include nonclinical 
information.

• Currently available as a dietary ingredient in dietary 
supplements
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What is Chrysin?
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Chemistry Considerations 
for Chrysin

• Extracted from plant material or bee propolis
• Small molecule that can be easily characterized
• Stable under ordinary storage conditions for topical 

dosage forms
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• Lethal dose to 50% of cells (LD50) in micromolar 
range against various cancer cell lines

• Xenograft studies suggest pleotropic mechanisms of 
action
o Carcinogen biotransformation
o Free radical scavenging
o Modulates cellular pathways linked to inflammation, 

proliferation, differentiation and metastasis

Non-Clinical Data: Potential 
Mechanisms of Action
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Bioavailability
• Poor oral absorption
• No available information on systemic exposure from topical 

application
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Evaluation of Effectiveness
• No effect of oral chrysin on testosterone levels
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• Biological (nonclinical) effects may support rationale for 
development as a chemopreventive agent or as adjunct to 
chemotherapy 

• No clinical anticancer or hormone modifying activity 
demonstrated with oral or topical formulations

• FDA-approved aromatase inhibitors for the treatment of cancer 
are available 

• FDA-approved testosterone replacement products are available

Evaluation of Effectiveness
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Evaluation of Safety
• Nonclinical

– Cytotoxic at high doses (Rainbow trout hepatocytes)
– Positive bacterial mutagen assay (Salmonella TA100)
– No developmental or reproductive toxicology data
– No carcinogenicity data

• Clinical
– No toxicity attributable to chrysin in clinical trials or 

adverse event reporting
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Historical Use in Compounding

• Insufficient information found to determine how long 
chrysin has been used in pharmacy compounding

• Currently, availability of oral and topical 
compounded formulations are advertised on the 
internet

11



• Well-characterized substance stable in topical formulations
• No clinical anticancer or hormone modifying activity 

demonstrated with oral or topical formulations
• Clinical safety issues have not been identified; nonclinical data 

suggest potential concerns
• FDA-approved products available for hormone replacement
• FDA-approved products available for the treatment of cancer
• No information on history of compounding

Summary
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We do not recommend chrysin be included on the list 
of bulk drug substances that can be used in 
compounding under section 503A of the Federal Food, 
Drug, and Cosmetic Act based on consideration of the 
following criteria: (1) physicochemical characterization; 
(2) safety; (3) effectiveness; and (4) historical use of the 
substance in compounding.    

Recommendation

13



Cesium Chloride

Pharmacy Compounding Advisory Committee Meeting
June 23, 2016

Michael Brave, MD
Clinical Reviewer

Division of Oncology Products 1 (DOP1)
Office of Hematology and Oncology Products (OHOP)

1



Cesium Chloride
Review Team

Michael Brave, MD, Clinical Reviewer, DOP1/OHOP
Haw-Jyh Chiu, PhD, Pharmacology/Toxicology Reviewer, DHOT/OHOP
Ben Zhang, PhD, Chemistry Reviewer, Office of Pharmaceutical Quality 
(OPQ)
V. Ellen Maher, MD, Clinical Team Leader, DOP1/OHOP
Geoffrey Kim, MD, Division Director, DOP1/OHOP
Todd Palmby, PhD, Supervisory Pharmacologist/Toxicologist, 
DHOT/OHOP
Ramesh Sood, PhD, Senior Scientific Director (Acting), OPQ

2



Cesium Chloride: Background
• Nomination

– Use: “For use in combination with other natural substances 
in treating individuals with numerous types of cancers, by a 
presumed alkalinizing effect” 

– Route of administration: Slow intravenous infusion 

– References provided in the nomination do not include 
clinical safety or efficacy data for cesium chloride, 
although they do include nonclinical information

• Cesium chloride available in the United States as a dietary 
ingredient in dietary supplements
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Chemistry Considerations 
for Cesium Chloride 

• Obtained from liquid extraction of concentrated 
brine (usually seawater)

• Can be easily characterized
• Highly soluble in water
• Stable in aqueous solution
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Source: Skuterud, Rad Env Biophys 2004;43:293



Evaluation of Effectiveness
• Suggested mechanism of action as alkalinizing agent
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Evaluation of Effectiveness
• Single case series in published literature
• Insufficient information to establish effectiveness of cesium
• FDA-approved products available for treatment of cancer
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Evaluation of Safety

• Nonclinical studies 
– Identified CNS and cardiovascular toxicity
– Genetic toxicology studies suggest possible chromosomal 

aberration effects; no carcinogenicity data
– Reproductive studies show decreased body and organ 

weight

• Clinical studies and adverse event reporting to FDA: 
cardiac toxicity 
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Historical Use in Compounding

• Published literature indicates that cesium chloride 
used in the treatment of cancer since at least the 
1980s

• Currently, oral cesium chloride advertised by a 
number of compounding pharmacies
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• Cesium chloride is easily characterized and stable in aqueous 
solution

• Cesium chloride not shown to be effective for the treatment of 
any cancer

• Fatal ventricular arrhythmias reported as a result of cesium 
chloride administration

• Other FDA-approved agents with established records of safety 
and efficacy for some cancers

• Historical information on compounding of IV formulation not 
found

Summary
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We do not recommend cesium chloride be included on 
the list of bulk drug substances that can be used in 
compounding under section 503A of the Federal Food, 
Drug, and Cosmetic Act based on the following criteria: 
(1) physicochemical characterization; (2) safety; (3) 
effectiveness; and (4) historical use of the substance in 
compounding.    

Recommendation
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Sodium Dichloroacetate: Background
• Nomination

– Use: “Adjunct treatment for cancer”

– Route of administration: Oral and intravenous injection

– References provided in the nomination do not include clinical safety 
and efficacy data for dichloroacetate, although they do include 
nonclinical information

• Dicholoroacetate is available as a dietary ingredient in dietary 
supplements
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Chemistry Considerations for 
Dichloroacetate

• Small molecule synthesized from acetic acid
• Can be easily characterized
• Stable in oral dosage form at low temperatures
• Unlikely to be stable as injectable solution
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The Warburg Effect

5Source: www.cancersavelife.blogspot.com



Regulation of Pyruvate Metabolism

6Source: www.bmb.leeds.ac.uk 



Pyruvate Dichloroacetate
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Pharmacokinetics 
of Dichloroacetate

• Bioavailability in healthy volunteers 27 to 100% 

• Dehalogenated by hepatic glutathione transferase zeta 
(GSTz1)/maleylacetoacetate isomerase (MAAI) to 
monochloroacetate and glyoxylate. Of four human 
polymorphisms of GSTz1, one has 10-fold higher binding 
affinity for DCA than others. 

• After single infusions in healthy volunteers, Cmax dose 
proportional up to 30 mg/kg, after which clearance decreased, 
likely due to inhibition of GSTz1 by DCA.

• Plasma clearance ↓ in patients with cirrhosis
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Evaluation of Safety: Environmental 
Dichloroacetate

• Present in chlorinated water
• EPA-established carcinogen 
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Evaluation of Safety: Published Clinical Trials
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Author Pop. Treatment Results
Kaufmann MELAS    (n 

= 30)
25 mg /kg PO 
BID

• Poorly tolerated due to 
neuropathy

Chu Advanced 
solid tumors   
(n = 24)

6.25-12.5 mg 
BID

• Toxicities: fatigue, nausea, 
vomiting, diarrhea, neuropathy

• RP2D: 6.25 mg BID

Dunbar Recurrent 
brain tumors
(n = 15)

Based on 
GSTZ1/MAAI
haplotype

• Toxicity: neuropathy
• DLT: none

Kaufmann, Neurology 2006;66:324
Chu, Invest New Drugs 2015;33:603
Dunbar, Invest New Drugs 2014;32:452



Evaluation of Effectiveness
• No clinical trials have been identified that 

demonstrate a benefit of dichloroacetate in the 
treatment of cancer

• FDA approved products available for treatment of 
cancer
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Historical Use in Compounding

• Insufficient information to determine how long 
dichloroacetate has been used in compounding
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Summary
• Can be easily characterized, is stable in oral dosage form at 

low temperatures, but is unstable as injectable dosage form

• Safety concerns
o Significant inter-individual variation in absorption and excretion; drug 

accumulation over time

o Peripheral neuropathy, gastrointestinal symptoms, death

o Secondary malignancies resulting from ineffective treatment

• No demonstrated benefit in cancer treatment, alone or as an 
adjunct with other therapy

• Insufficient information to assess historical use in 
compounding
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We do not recommend sodium dichloroacetate be 
included on the list of bulk drug substances that can be 
used in compounding under section 503A of the Federal 
Food, Drug, and Cosmetic Act based on consideration of 
the following criteria: (1) physicochemical 
characterization; (2) safety; (3) effectiveness; and (4) 
historical use of the substance in compounding. 

Recommendation 
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Questions
• Is there a model for expanded access to an unapproved drug?

– Yes
• Can the sponsor charge patients?

– Yes
• Can administrative costs be passed on?

– Yes
• Who can be the sponsor?

– Manufacturer, individual physicians, etc.
• How is the drug dispensed?

– Sponsor dispenses the drug directly or through an investigator
• Are multiple courses of treatment possible?

– Yes, provided applicable requirements are met
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Eligibility Criteria

 Serious or immediately life-threatening condition 
 No comparable or satisfactory alternative therapy
 Potential patient benefit justifies the potential risks, 

and the risks are not unreasonable in the context of 
the disease or condition to be treated

 Providing drug will not interfere with clinical 
investigations that could support marketing 
approval of the expanded access use
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Types of Expanded Access

• Access to an investigational drug outside of a 
clinical trial setting 

• Submitted as an IND or a protocol under an 
existing IND

• Single patient (including for emergency use)
• Intermediate – size patient populations 
• Treatment (widespread use)
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21 CFR part 312



Intermediate‐sized Access IND

• Application must state whether the drug is 
being developed for marketing

• Many healthcare providers treating patients 
with investigational drug under a single IND 
sharing:
– IRB
– Protocol
– Consent form
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Key Components of an IND

• Identify a sponsor and principal investigator
• Write a protocol and informed consent
• Create an investigator brochure*
• Identify a manufacturer
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Need Help Getting Started?

• Contact the review Division in Office of New Drugs
– Indication specific

• Contact Division of Drug information (DDI) in CDER
– (855) 543-3784, or
– (301) 796-3400
– druginfo@fda.hhs.gov

• Office of Health and Constituent Affairs
– (301) 796-8460

• Recommend copying CDER Compounding Team 
at Compounding@fda.hhs.gov
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Pre‐IND Meeting

• Strongly recommended as it can be very helpful
• What you should submit in advance of the meeting

– Background information on plan
– Specific Questions may be about:

• Chemistry and manufacturing controls
• Safety documentation: toxicology or clinical
• Protocol

• Venue
– Face-to-face
– Telephone
– Written responses
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IND Submission (1)

• Investigator Qualifications (CV)
– Includes subinvestigators

• Drug product information (all manufacturing sites)
– Purity, strength, and quality
– Stability
– Distribution

• Safety
– Evidence that the drug is safe at the dose and duration proposed
– Nonclinical/clinical

• Efficacy
– Rationale for the intended use of the drug
– At least preliminary clinical evidence of effectiveness (or of a 

plausible pharmacological effect)
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IND Submission (2)

• Protocol
– Description of disease or condition
– Proposed method of administration, dose, and duration
– Eligibility criteria
– Clinical procedures and monitoring to evaluate effects 

and minimize risk
• Informed consent form and IRB approval
• Statement about product development
• Investigator brochure

10



Regulatory Responsibilities

• Cannot begin treatment for 30 days unless you 
receive notification from FDA (and IRB approval)

• Submission of IND safety reports and annual 
reports

• Notification of FDA of any new subinvestigators
• Notification of FDA of any product, manufacturing, 

or distribution changes
• Annual renewal of charging authorization if 

charging is requested and authorized

11



Charging for Investigational Products in 
Intermediate‐size Expanded Access
• Requirements (21 CFR 312.8)

– Provide reasonable assurance to FDA that charging will 
not interfere with drug development;

– Provide documentation of calculated amount; and
– Provide a statement that an independent certified public 

accountant reviewed and approved the calculation
• Can recover direct drug costs 
• Can recover costs of monitoring, IND reporting 

requirements, and other administrative costs directly 
associated with the expanded access use

• Can recover fees paid to third party administrator
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Resources
• Expanded Access Web site (General)

– http://www.fda.gov/NewsEvents/PublicHealthFocus/ExpandedAcces
sCompassionateUse/default.htm

• CGMP for Phase 1 Guidance
– http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulator

yInformation/Guidances/UCM070273.pdf

• Charging for Investigational Drugs
– http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformatio

n/Guidances/UCM351264

• IND meetings
– http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformatio

n/Guidances/UCM437431
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Resources
• Form 1571 – IND application general information

– http://www.fda.gov/downloads/AboutFDA/ReportsManualsForms/For
ms/UCM182850.pdf

• Form 1572 – IND investigator information
– http://www.fda.gov/downloads/RegulatoryInformation/Guidances/UC

M214282.pdf

• 21 CFR part 312
• ICH E6 Good Clinical Practices

– http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guideli
nes/Efficacy/E6/E6_R1_Guideline.pdf
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Pyruvic Acid

• Pyruvic acid (40-50%) has been nominated for inclusion on 
the list of bulk drug substances that can be used in 
compounding under section 503A of the Federal Food, Drug, 
and Cosmetic Act (FD&C Act) for topical use in the treatment 
of acne, melasma, and warts. 
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Physical and Chemical 
Characterization - 1

• Formula: C3H4O3

• Molecular Weight: 88.06 g/mol

• Melting Point: 11.8 °C (dec.)

• Solubility: Soluble in water

• Stability: Pyruvic acid can undergo decarboxylation reactions under 

basic and neutral conditions, and it is also sensitive to sunlight. It is 

unlikely to be stable in ambient environments.

• Structure Characterization: Well characterized
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Physical and Chemical 
Characterization - 2

• One possible synthetic route:

• Likely Impurities: Trace amounts of starting material and byproducts 

(acetic acid and lactic acid).

• Conclusion: Pyruvic acid  is a well-characterized small molecule. In 

the proposed dosage form it is unlikely to be stable without proper 

storage (carefully sealed, isolated from moisture, kept away from light).
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Pyruvic Acid – Nonclinical Assessment - 1 

• Pharmacology
– Pyruvic acid is an intermediate compound created in the metabolism of 

carbohydrates, proteins and fats. 
– Its main metabolite is pyruvate, a product of glycolysis.

• Repeat Dose Toxicity
– Very few repeat dose studies have been conducted with pyruvic acid. 

Acute studies show that pyruvic acid causes skin irritation and/or 
corrosion, as well as eye damage. 

– There is a lack of nonclinical data to evaluate the chronic dermal 
toxicity of pyruvic acid.
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Pyruvic Acid – Nonclinical Assessment - 2 

• Mutagenicity
– No information available.

• Developmental and Reproductive Toxicity
– One study found that pyruvate is metabolized during 

organogenesis and that interruption of this process could lead to 
neural tube defects and other developmental toxicities.

– There is a lack of nonclinical data to evaluate the developmental 
and reproductive toxicity of pyruvic acid.
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Pyruvic Acid – Nonclinical Assessment - 3

• Carcinogenicity
– No information available.
– There is a lack of nonclinical data to evaluate the dermal 

carcinogenicity potential of pyruvic acid.
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Human Safety Information - 1
• Reports of “irritation,” “erythema,” “stinging,” “burning.”

- Erythema may persist from minutes to hours. 
- Stinging/burning relieved by neutralization with sodium   

bicarbonate solution.
• Pain

- “Discomfort” may signal the desired destructive treatment 
effect for common warts.

• Reports of “scarring,” “pigmentation,” “crust.”



Human Safety Information - 2

• Pungent vapors that are irritating to the upper respiratory 
mucosa.
- Possible risk to patients, providers, and assisting staff in the   

absence of adequate ventilation.
- No reports of serious outcomes or undue safety concerns.

• No pharmacokinetic information. 
• No information on long-term outcomes.

- Scarring reported as a risk.
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Clinical Efficacy - 1
Tosson et al., (2006) 

• Evaluated pyruvic acid in 60 subjects:  papulopustular acne (30 
subjects), melasma (15), and common warts (15).  
– Acne and melasma treated with 40-50% pyruvic acid peel every 2 weeks

for 1-3 months. 
– Warts treated with 70% pyruvic acid paint twice daily for 2-3 weeks.  
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Clinical Efficacy - 2
Tosson et al., (2006) 

Results reported:
• Acne:  complete disappearance of acne lesions in 10 subjects 

(33.3%);  disappearance of > 75% of lesions in 6 (20%). 
• Melasma:  improvement > 50% in 3 subjects (20%); improvement > 

25-50% in 5 (33.3%).
• Warts:  total clearing of all warts in 12 subjects (80%) and 

improvement (not otherwise specified) in 3 (20%). 
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Clinical Efficacy- 3:  Acne
Cotellessa et al., (2004)

• Conducted an open-label study of 40 subjects with papulopustular
acne.
- Treatment:  40–50% pyruvic acid every 2 weeks for 3-4 months.
- Results:  clinical disappearance of lesions in 16 subjects (40%); 

improvement of lesions, without complete disappearance in 20 
subjects (50%); and no improvement in 4 subjects (10%).
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Clinical Efficacy - 4:  Melasma
Ardigo et al., (2010) 

• Pilot study using reflectance confocal microscopy to evaluate 
pigment distribution in melasma in 15 subjects; evaluated treatment 
response in 7 of these subjects.
- Subjects received “six cycles of skin peeling with 50% pyruvic 

acid every day for 2 weeks, followed by topical application of a 
Kligman’s formula containing 2% hydroquinone, applied daily  
for a total of 5 months of treatment.” 

- Treatment outcomes included “a major reduction in pigmented 
keratinocytes in the epidermis” in 2 subjects, with 3 others 
showing trace pigment by microscopy.  
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Clinical Efficacy - 5:  Melasma
Berardesca et al., (2006)

• Evaluated a 50% pyruvic acid formulation in 20 subjects affected by 
photodamage, superficial scarring, or melasma.
- The authors did not state how many subjects were affected by 

each condition. 
- Performed 4 peeling sessions (3 to 5 minutes) once every 2 weeks.   

Neutralized with a 10% sodium bicarbonate in water solution.  
- Treatment outcomes included “a significant reduction in the 

degree of pigmentation in patients with melasma.” 
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Clinical Efficacy - 6:  Warts
Halasz (1998)

• Reviewed the charts of 56 patients who had common warts treated 
with plain 70% pyruvic acid (PA; 18 patients) or a combination 
formulation of 70% pyruvic acid with 0.5%  5-fluorouracil (PA-
5FU; 38 patients).
- ~75% of patients used the prescribed product for 1 to 4 weeks, and 

25% used the product for 1 to 2 months.
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Clinical Efficacy - 7:  Warts
Halasz (1998) 
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Formulation Cleared (%) Improved (%) No Change (%) Total

PA-5FU 22 (58) 10 (26) 6 (16) 38

PA 14 (78) 0 ( 0) 4 (22) 18

Total 36 (64) 10 (18) 10 (18) 56

Results by Pyruvic Acid Formulation   (Halasz’s Table 3)

Cleared=all warts resolved 
Improved=some, but not all, treated warts resolved or warts decreased appreciably in size. 
No change=minimal or no decrease in size. 



Clinical Efficacy - 8:  Warts
Shahmoradi et al., (2015) 

• Conducted a randomized, controlled trial in 60 subjects with 
multiple (≥ 2) plantar warts.  
- Subjects received 70% pyruvic acid or a 16.7% salicylic acid 

solution twice daily for 4 weeks. 
- Results: number and size of warts were decreased in both 

groups.
- The authors found no difference in efficacy between the products. 
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Approved Alternatives - 1
Acne 

- Antibiotics:
Topical:  clindamycin phosphate, erythromycin, sodium sulfacetamide.
Systemic: minocycline.

- Bacteriostatics:  benzoyl peroxide.
- Topical Retinoids:  adapalene, tretinoin, tazarotene.
- Combination Products:  clindamycin/tretinoin, adapalene/benzoyl 

peroxide.
- Hormonal:  drospirenone/ethinyl estradiol (hormonal therapy is 

indicated only if the patient desires an oral contraceptive for birth 
control).

- Other:  azelaic acid.
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Approved Alternatives - 2
Melasma and Warts

• Melasma: fluocinolone acetonide (0.01%)/hydroquinone (4.0%)/ 
tretinoin (0.05%) Cream. 
- Indicated for the short-term treatment of moderate-to-severe 

melasma of the face, in the presence of measures for sun 
avoidance, including the use of sunscreens.

• Warts: approved prescription therapies available only for genital 
warts; OTC therapies available for non-genital warts.
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Historical Use in Compounding

• Pyruvic acid has been used in pharmacy compounding for at least 30 
years. 

• Other dermatologic conditions that pyruvic acid has been used to 
treat include seborrheic keratosis, actinic keratosis, and photoaging.

• The precise extent of use could not be determined, but appears to be 
worldwide. 
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Conclusions

• Pyruvic acid is well characterized physically and chemically.
• Reported adverse reactions generally appeared to be local, 

temporary, non-serious, and readily manageable. 
• No information available suggesting undue concerns from 

respiratory exposure to vapors. 
• Although limited, the available information did not raise any major 

safety concerns associated with use of pyruvic acid.
• The available information indicates that pyruvic acid may have 

efficacy in the treatment of acne, melasma, and warts.
• Pyruvic acid has been used in pharmacy compounding for at least 30 

years and its use appears to be worldwide.
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Recommendation

We recommend that pyruvic acid for topical use be included on 
the list of bulk drug substances that can be used in compounding 
under section 503A of the Federal Food, Drug, and Cosmetic 
Act.
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Tea Tree Oil Nomination - 1

• Tea Tree Oil has been nominated for inclusion on the 
list of bulk drug substances that can be used in 
compounding under Section 503A of the Federal Food, 
Drug, and Cosmetic Act for topical use in the treatment 
of nail fungus.

• The final compounded topical formulations nominated 
are at strengths of 5-10%.
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Nail Fungus Infection (Onychomycosis)

• Most commonly caused by dermatophytes.
• Can also be caused by other fungi, candida species and other 

yeasts.
• Reported use of Tea Tree Oil for onychomycosis.

o Applied to nails undiluted. 
o In combination with another antifungal in a diluted 

formulation, e.g., 5%.
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Physical and Chemical Characterization - 1

5

• Produced by steam distillation of the leaves and terminal 
branches of a native Australian tree, Melaleuca
alternifolia. 

• Two similar standards established to regulate the quality 
control of Tea Tree Oil:
o International Organization for Standardization (ISO 4730; 

2004).
o Standards Association of Australia (AS 2882; 2009).



Physical and Chemical Characterization - 2
• A mixture of organic compounds, with >90% of contents 

being fully characterized monoterpenes, sesquiterpenes, 
and their associated oxygenated analogs, e.g.

≥ 30% 5-13% 10-28% ≤ 15%
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Physical and Chemical Characterization - 3
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• Likely impurities from botanical sources:
o Heavy metal impurities (e.g., lead, arsenic, mercury) linked 

to source of starting material for extraction.
o Bioburden (e.g., microbial content).

• Impurities in Tea Tree Oil expected to be low, 
because of:
o Steam distillation not concentrating heavy metals.
o Tea Tree Oil’s antimicrobial activities.



Physical and Chemical Characterization - 4
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Conclusions

1. Tea Tree Oil, which meets the ISO/AS standards, is 
a well-characterized natural product from a native 
Australian tree, Melaleuca alternifolia, produced by a 
relatively simple extraction process (steam distillation). 



Physical and Chemical Characterization - 5

9

Conclusions
2. The major components in Tea Tree Oil, which meets ISO/AS 
standards, have been fully characterized and quantified to account for 
>90% of the contents in a typical sample, and standards are available 
for control of natural variations. 

o Minor components accounting for <10% of Tea Tree Oil 
content are the same type of  terpenoids with similar 
physical/chemical properties as the major components.  

o Complete characterization or quantitative analysis of all 
components in Tea Tree Oil is not feasible.



Nonclinical Assessment - 1
Pharmacology
o The antifungal properties of Tea Tree Oil have been documented in a 

number of in vitro and in vivo nonclinical studies. 
Acute Toxicity
o Oral LD50 for Tea Tree Oil in rats: 1.7 – 2.3 g/kg; rats dosed with 1.5 

g/kg Tea Tree Oil appeared lethargic and ataxic and showed 
depressed activity levels.

o Dermal application of 5 g/kg Tea Tree Oil resulted in two deaths in 
10 treated rabbits; dermal application of 2 g/kg Tea Tree Oil caused 
slight diarrhea in rabbits.

Repeat Dose Toxicity
o No data available.
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Nonclinical Assessment - 2
Mutagenicity
o Tea Tree Oil and many of  its components were negative in the Ames test. 

One component, terpineol, exhibited mutagenicity in the Ames test. [Note: 
Tea Tree Oil has antibacterial/antifungal properties.]

o Tea Tree Oil was not genotoxic in the in vitro human lymphocyte 
micronucleus and the chromosome aberration tests. 

o The components of Tea Tree Oil, including: cineole, D-(+)-limonene, 
linalool, -phellandrene, -pinene, and -myrcene, were not genotoxic in 
in vitro genotoxicity tests conducted with mammalian cells. -myrcene 
was not genotoxic in bone marrow cells of rats after oral administration.

o Overall, the available data on the mutagenicity of Tea Tree Oil and its 
individual components indicate low mutagenic potential.
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Nonclinical Assessment - 3
Developmental and Reproductive Toxicity
o No published studies conducted with Tea Tree Oil are available.

o -Terpinene, ~9% in Tea Tree Oil, induced delayed ossification and 
skeletal malformations in an oral embryofetal and developmental 
(EFD) study in rats.

o -Myrcene, ~0.5% in Tea Tree Oil, caused a higher resorption rate 
and a higher incidence of retardation and fetal skeleton anomalies in 
oral EFD studies in rats.
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Nonclinical Assessment - 4

Developmental and Reproductive Toxicity (Continued)

o The limited data from the oral rat embryofetal development studies 
conducted with 2 components of Tea Tree Oil suggest that Tea Tree 
Oil may pose embryofetal toxicity when ingested orally at relatively 
high doses; however, the limited data are not adequate to make a 
final determination.
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Nonclinical Assessment - 5

Carcinogenicity
o No published carcinogenicity studies conducted with Tea Tree Oil are 

available. 

o -Terpineol, 1.5 - 8% in Tea Tree Oil, was not carcinogenic when   
administered  intraperitoneally in a 8-week A/He mouse study; 
however, this is not a traditional carcinogenicity study design.

o In 2-year oral (gavage) carcinogenicity studies in mice and rats, β-
myrcene demonstrated carcinogenic activity in the kidney in rats and 
the liver in mice. 
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Nonclinical Assessment - 6
Conclusions
1. Acute toxicity: Tea Tree Oil can be toxic when ingested or 

topically administered at a high dose.
2. Mutagenicity: Low mutagenic potential. 
3. Carcinogenicity, developmental and reproductive toxicity: No 

data available for Tea Tree Oil, but limited data available for 
some components suggest risks for embryofetal toxicity or 
carcinogenicity if administered orally at relatively high doses. 

4. Overall, the limited nonclinical safety data available for Tea Tree 
Oil are not adequate to determine whether neat Tea Tree Oil is 
safe to use as a bulk drug substance in compounding.
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Human Pharmacokinetics

• There are no reports of human pharmacokinetic studies 
documenting systemic exposure upon application of Tea Tree 
Oil or its components. 

• Overall, data from skin penetration studies suggest that 
components of Tea Tree Oil can be absorbed following topical 
application. Under a dosing condition of 10 mg/cm2, up to 8% 
of the applied dose penetrated through the epidermis in vitro. 
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Human Safety - 1

• Adverse Reactions
o Dermal Exposure: irritant and allergic contact 

dermatitis reactions.
o Oral Ingestion: central nervous system depression, 

unsteady gait, abdominal pain, diarrhea, and 
generalized erythema.

o Special Concerns: prepubertal gynecomastia, linear 
IgA disease, and stomatitis/cheilitis.
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Human Safety - 2

• Clinical Trials
o Human Dermal Safety Studies: 
 Both neat and diluted (e.g., 5%) Tea Tree Oil can 

cause skin irritation. 
 Contact sensitization potential ~2% in a study of 

150 subjects.
 There is no information in the literature on human 

studies to address phototoxicity and photo-
allergenicity with Tea Tree Oil.

18



Human Safety - 3

• Clinical Trials
o We have not found safety data from clinical trials using 

Tea Tree Oil in compounded product(s).
o Adverse reactions from clinical trials with Tea Tree Oil 

are based on use of neat Tea Tree Oil or diluted 
formulations (e.g., 5%): 
 These include local reactions (irritation, erythema, edema, 

dryness, itching and scaling).
 Systemic hypersensitivity has also been reported.
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Human Safety - 4

Conclusions
Safety data from use of Tea Tree Oil suggest that: 
1. Systemic administration (e.g., oral ingestion) may be 

associated with significant toxicities.
2. Adverse effects from topical administration are 

primarily related to irritant and allergic contact 
dermatitis reactions, although systemic 
hypersensitivity has also been reported.
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Efficacy in Treatment of Onychomycosis - 1
• Two randomized, double-blind, controlled clinical trials 

involving use of Tea Tree Oil for onychomycosis have 
been conducted:
o Buck DS, Nidorf DM and Addino JG. 1994. Comparison of 

two topical preparations for the treatment of 
onychomycosis: Melaleuca alternifolia (tea tree) oil and 
clotrimazole. 

o Syed TA, Qureshi ZA, Ali SM et al. 1999. Treatment of 
toenail onychomycosis with 2% butenafine and 5% 
Melaleuca alternifolia (tea tree) oil in cream. 
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Efficacy in Treatment of Onychomycosis - 2
• Buck et al., 1994: Compared 2% butenafine HCl plus 5% Tea 

Tree Oil in a cream base with placebo* cream in 60 subjects 
(40:20) with toenail nail fungus due to dermatophytes treated 
under occlusion 3x/day for 8 weeks.
o After 36 weeks, 80% of subjects who used butanefine HCl/Tea 

Tree Oil cream, but none of those who used the placebo, had 
overall cure.** 

o This study demonstrates effectiveness of the combination cream 
containing 5% Tea Tree Oil.  In the absence of a treatment arm of 
butenafine hydrochloride alone, the contribution of 5% TTO is 
unknown.

* Placebo was matching cream containing Tea Tree Oil.
** Overall cure was defined as resolution of all symptoms with respect to global assessment plus 
mycological cure and progressive growth of normal nail.
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Efficacy in Treatment of Onychomycosis - 3
• Syed et al., 1999. Compared 1% clotrimazole solution vs neat 

Tea Tree Oil administered topically 2x/day for 6 months in 
117 subjects (53 clotrimazole and 64 Tea Tree Oil) having 
toenail onychomycosis with dermatophytes.  
o After 6 months of therapy, partial or full clinical resolution 

was reported in 61% of subjects treated with clotrimazole 
and 60% with Tea Tree Oil. 

o In the absence of a placebo treatment arm, this study does 
not demonstrate effectiveness of neat Tea Tree Oil. The 
control, clotrimazole 1% solution, is not an approved 
treatment for onychomycosis and is inappropriate for 
comparison (unless statistically inferior to Tea Tree Oil). 
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Efficacy in Treatment of Onychomycosis - 4
Conclusions
1.Two randomized, double-blind, controlled clinical trials have 
been conducted to study the treatment effect of Tea Tree Oil, pure 
or in combination with an antifungal, in onychomycosis.
2.Efficacy of Tea Tree Oil in onychomycosis has not been 
established because of:

o Contribution of Tea Tree Oil not demonstrated in a combination 
product.

o Inappropriate comparison between neat Tea Tree Oil and a 
product not approved for onychomycosis in the absence of 
placebo control.
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Approved Therapies for Onychomycosis
• Oral Drug Products

o griseofulvin tablets or oral suspension
o itraconazole capsules 
o terbinafine tablets 

• Topical Drug Products
o ciclopirox solution 
o tavaborole solution
o efinaconazole solution
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Historical Use in Compounding

• Although Tea Tree Oil-containing products 
have been commercially available at least 
since 1982 for use as topical formulations for 
a wide variety of skin, ocular, oral, and 
vaginal conditions, there is scant information 
regarding its use in pharmacy compounding.
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Conclusions
• Tea Tree Oil meeting ISO or AS standards is considered 

well characterized in its physical and chemical properties.
• For topical use, Tea Tree Oil may cause local reactions 

such as irritation, erythema, edema, dryness, itching, and 
scaling; systemic hypersensitivity has also been reported.

• There is a lack of evidence of efficacy in the treatment of 
onychomycosis with Tea Tree Oil. 

• There is also a lack of information on the past use of Tea 
Tree Oil in pharmacy compounding.
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Recommendation

We do not recommend Tea Tree Oil be included on the 
list of bulk drug substances that can be used in 
compounding under section 503A of the Federal Food, 
Drug, and Cosmetic Act.
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DMPS:  Nomination

• Use: “for treatment of heavy metal poisoning.”

• Route of administration:  Oral, Intravenous injection, 
intramuscular injection.

• Materials received
– Publications of anecdotal reports and mostly uncontrolled 

series of cases of exposure to various heavy metals treated 
with DMPS. 
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DMPS:  Chemistry*

• Most commonly supplied as its sodium salt.

• Non-hygroscopic, exists as monohydrate.

• MW-228.3 Daltons.
• Stable in the crystalline form. 
• Relatively stable in aqueous solutions, but labile to oxidation.  

* Information based on Heyl Scientific Product Monograph
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DMPS:  Chemistry (cont) *

• Purified by release from the lead salt.
• Potential in process impurities: lead, allyl bromide, allyl 

sulfonic acid, and 2,3-dibromopropane-1-sulfonic acid.
• Potential heavy metal contamination can be monitored using 

USP compendial methods.

* Information based on Heyl Scientific Product Monograph.
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DMPS:  Nonclinical*
• Pharmacology

– Mechanism of action not fully characterized. 
– Increases the urinary elimination of arsenic and interferes with 

arsenic methylation.
– Promotes excretion and protects against mercury-induced renal 

damage by inhibiting mercury accumulation in renal proximal and 
distal tubular cells.

• Toxicokinetics
– Oral absorption 30% in rats and 60% in dogs with peak plasma 

concentrations reached after 30 to 45 minutes.
– Distribution after IV dose mainly into plasma and kidneys.
– Elimination renal with a serum half-life of about 20 to 60 minutes.
* Based on April 2009 WHO document and Heyl monograph
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DMPS:  Nonclinical (cont)*
• Safety pharmacology

– Relatively low acute toxicity; LD50 for parenteral 
administration approximately 1 to 2 g/kg.

– Relatively low chronic toxicity in dogs and rats. 
– No evidence of adverse effects on cardiovascular, 

gastrointestinal, or renal systems. 
– No data available on central nervous system or respiratory 

system.
• Not mutagenic in the Ames test.
• No reproductive toxicity or teratogenicity shown in animals.
• Information on carcinogenicity is not available.
* Based on April 2009 WHO document and Heyl monograph.

7



DMPS Safety:
Major Associated Adverse Reactions 

• Serious case of Stevens-Johnson reported; one death due 
to severe diffuse desquamation. 

• Dermatologic reactions, nausea and vomiting, 
hypotension, increases in serum transaminases, transient 
bronchospasm, fever, leukopenia.

• Reactions typically mild or moderate in severity.
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DMPS:  Clinical Evaluation of Effectiveness

• Uses in published studies and reports include for high 
arsenic in drinking water, lead poisoning, mercury 
poisoning, mercury excess from facial cream, 
mercury-containing dental amalgams, Wilson’s 
disease, high bismuth.

• Most reports are of uncontrolled use or anecdotal 
reports. 

• Literature search found no adequate scientific studies 
that demonstrate the effectiveness of DMPS for the 
reported uses.
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FDA Approved Drugs for Treatment of Heavy 
Metal Poisoning

• Multiple available approved drugs for treatment of heavy metal 
poisoning

– Calcium disodium versenate (edetate disodium calcium) – lead.

– Chemet (2,3,-dimercaptosuccinic acid; succimer; DMSA) – lead.

– BAL (British Anti-Lewisite; dimercaprol) – arsenic, gold, 
mercury.

– Cuprimine (penicillamine) – Wilson’s disease, cystinuria, severe 
active rheumatoid arthritis.

– Syprine (trietine dihydrochloride) – Wilson’s disease (2nd line).
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DMPS:  Historical Use in 
Compounding

• Reported at 1998 PCAC that compounding dates to mid-1980s.

• Clinical use of DMPS mentioned in literature as early as 1958.

• Internet search suggests main “intended uses” 
– Treatment of persons with presumed mercury toxicity due to 

mercury amalgam dental fillings.

– Treatment of persons with autistic disorders.
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Conclusions

• DMPS is well defined and can be identified consistently, 
but manufacture may leave residual impurities, including 
lead which is toxic.

• Clinical investigation of use of the DMPS has been 
inadequate to establish safety.

• No clear evidence for clinical benefit of DMPS as 
currently used. 
– FDA-approved medications are available for treating heavy 

metal poisoning.
• Historical use dating to 1950s.
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Recommendation

• We recommend that DMPS not be included on the 
list of bulk drug substances that can be used in 
compounding under section 503A of the Federal, 
Food, Drug, and Cosmetic Act.
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